what sapp:

Q1
5 (a)
(b}
Q2.
7 {a)
{b)
{c)
Q3.
8 {(a)
{b)
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ii)

(i)

ii)

{i
{ii)

MEGA LECTURE

resistance = Vi s s s 1
= 6.0/(40 x 10"

(no marks for use of gradient)

at 8.0V, resistance = 8.0/(50 x 10%) =160 Q....c.covovvvcneveceee. C1
Chane = 10 Q0. e e e enee e sevnees srmene oo AT
straight line through Origin...... ... e e e e M1
passes through /=40 MA, V=80V e A
currentinboth mustbe 40 mA ... G
emf=80+6.0=140V e e e e AT

P=Wi

current=60/240=0.25 A
R (= Vil = 240/0.25
=860 0

R = p LIA (wrong formula, 0/3)

960 = (7.9 x 107 x LY(x x {6.0 x 10°%%)
L=0.137 m
fuse of A = 2ar, then allow 1/3 marks on:ifor resistivity formula)

e.q. the filament must be coiled/it is lona ‘or a lamp
{allow any sensible comment basGd’on candidate's answer for L)

Total
VIE = RiRu, or 0.5=/x 3900 o
1.0M.5 = RIR # 39010) or 1.0 = 0.5R/3900
R = 78001. or R = 78000
V=15 xiZ200/{7800 + 1250}) or I=1.5/(7800 + 1250)
= H20%0.. or V=IR=128V
Combined resistance of R and voltmeter is 3900 O
reuding at 0 °Cis 0.75 V
Total
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MEGA LECTURE

6 {a) {i} lines normal to plate and equal spacing (at least 4 lines)
direction from (+) to earthed plate

(il) E = 160/0.08
=20x10°Vm”’

ib) {i} correct directions with line of action of arrows
passing through charges

(ii) force =Eq
=20x108x1.2x10"
=24 x10"2N

{iiiycouple = force x perpendicular separation
=24 x 10"% x 2.5 x 10° x sin35°
=34(4)x 10"°*Nm

{iv) either rotates to align with the field
or oscillates (about a position)
with the positive charge nearer
to the earthed plate/clockwise

Q5.
7 {a) potential difference/current B1
by iy 13113 W
2)1.50V B1
(i) power = V2 / Ror power = Vfand V = IR C1
R =1.50%1.13
=199Q Al
(iileither E=R+r or voltage divided between Rand r
I=1512.0(=0.75A) p.d across R=p.d. Across r=1.5
30=15+0.75r
r=2.00 so R=r=1990Q
ic) larger p.d. across R means smaller p.d. across r
smaller power dissipation at larger value of V
since power is VI and /is same for Rand r
Q6.

B1
B1

M1
AQ

B1

C1

A1

M1

A1l

M1

A1l

(|

M

21

C1
C1

A1
M1

A1
A1
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Q7.

Q8.

7

WWW. yout ube. co

(a)

(b)

(c)
(d)

(e)

(a)

(b

—

(c)

(d)

+92 323 509 4443, emmil: negal ecture@nuil . con

o000

MEGA LECTURE

lamp C
lamp is shorted

shorted lamp A would cause damage to the supplyflamps
/blow fuse in supply

15Q

iy Vv=IR
R=30Q

(i) P=VI or PR or V?IR
P=12W

filament is cold when measuring with ohm-meter in (b)
resistance of filament rises as temperature rises

force per unit positive charge (on a small test charge)

field strength = (210/1.5 x 10%} =) 1.4 x10* N C*

{iy acceleration =Eq/m
=(1.4x10°x 1.6 x 10"/ (9.1 x 1&3})
=25x10%ms? (246 x 169
towards positive plate / upwards (and ngfal [0 plate)

(i) time=24x10"s

either vertical displacement after @co€leration for 2.4 x 109 s

=15 x 2.46 x 10'"% % (2.4 x 100y

=71x10%m

(0.71 cm < 0.75 cm aps} sa.will pass between plates
i.e. valid conclusion:ased on a numerical value

or 075x1828\=,%x246x10"x £

t is time to tray<l ‘half-way across’ plates = 2.47 x 10° s
(2.4 ns <2170s) so will pass between plates

i.e. validcoriclusion based on a numerical value

M1
A1
B1
B1

C1
Al

C1
A1

B1
B1

2]
M
M1
21
2]
2]

B1 11

Al 11

C1

C1

A1

B1 [41

A1l Ml

C1

Al

A1l [31

(C1)

(A1)

(A1)
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MEGA LECTURE

6 (a) (i) 1 total resistance=0.16 Q
2 emf = either(14-E) or (E-14)

(iiy either14—E = 42x0.16 or (E-14) = -42 x 0.16
E=73V

{b) (i) charge = It
= 12.5x 4 x 60 x 60
= 18x10°C
(i} either enerqy = EQ or enerqy = Eit
either enerqy = 14 x 1.8 x 10° or enerqy = 14 x 12.5 x 4 x 3600
= 252x10%J

PRt or Vitand V=IR
12.5% x 0.16 x 4 x 3600
36x10°J

{iii) energy

(c) efficiency = (2.52 x 10° — 3.6 x 10%)/(2.52 x 10°)
= 86%

Qo.

6 (a) either P=VIiandV =IR or P= VIR
resistance = 384 Q

(b} zero
1.5 kW
3.0 kW
0.75 kKW
2.25 kW

Q10.

WWW.MEGr#LECTU E.COM
nmegal ect ur e
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A1
A1

C1

A1

C1

Al

Cc1

A1

C1

A1

C1
Al

C1
A1

B1
B1
B1

B1

121

[2]

[2]

121

2]

[2]

121

151
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MEGA LECTURE

6 (@) () E=VId e, ettt et naen c1
= 350/(2.5 x 10?)
S1TANIITNEY s s s s i e A1 121

() TOCE S EG  oviia s e i e s s O
=14 % 10% % 16 % 107 et M1
=224x 10" A0 [2]

(BY 1) FEME  cevos ey s s s asnryass O
a=(2.24 x 10"%) /(9.1 x 10°*")
=246%x 10 ms? ...(allow 2.5 % 10°%) oo A [21
(I s=2%8f  socerrmnasnms c1

25%x 102 =1% %246 x 10" x £
E 25 100 8 ettt ettt ettt nenn A1 [21

{c) either gravitational force is normal to electric force
or electric force horizontal, gravitational force vertical ................ B2 21
special case: forcefacceleration due to electric field >> force/acceleration
due to gravitational field, allow 1 mark

Q11.

T (@ ) R e e N B M1

(i) 25R ..(allowe.cf from(ii)) ...l B M

(B (i) In+ L= 0s e N e B1 M
) EESERELER sooumpl Al memeessmmmesrmnemesmsn ool M1

() E-E=2LR-5LBL A .ah.....ecrccncvissneniene. B M

R ...+ N Al 3]

{b] "] I1 + Ig = Iz + I.{, ........................................................................... A1l rﬂ
() BEs — B = I3 o e Al M1

(M) {5 S ISR B 2T0I o oneomom s s oo s s kb 5 0 G 4 S A1l M

Q13.

WWW.MEGr#LECTU E.COM
WWW. Yyout ube. com neqgal ect ure  Page50f26
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(X Y

MEGA LECTURE

5 (a) reqgionfarea where a charge experiences aforce ........ooooiiiiiiiii i, B1 [1
(b) (i) left-hand sphere (+), right-hand sphere (=) ... B1 [1
{iiy 1 correct region labelled C within 10 mm of central part of plate
otherwise within S mmofplate ... e B1 [11
2 correct region labelled D area of field not included for {b)ii¥1 ................. B1 [1
{c) (i) arrows through P and N in correct directions ..., B1 [11
{ii) torque = force x perpendicular distance (between forces) ......................... C1
=16x 107" x5.0x 10* x 2.8 x 107" x sin30
SMLTRMO NN o s o e o S s Al [2]
Q14.
8 [ M. P=VE comamosrmn s s s C1
60=12x1T
T IR e im0 G O S B B b b S b M M S SIS Al [2]
(i) either vV = IR of =R GrPENTER  oavmmimasmssareiam C1
gither 12 =5xR or 60=5"%xR or80=121R ..cccooovvimeieereennnnnn. M1
Ris2:40)  compimnmessmm s e an s S e B R R g A0 [2]
(DY RS oo s o A e e R B B R e e s C1
AT 2 (0.4 % 10732 (2503 % 1077 ooiim e e C1
L=(2.4x503x107(1.0 x 107%)
ST oo o T T T L e P P B T B A1 [3]
[C) resistance IS halVed ... e e M1
eithercurrent is doubled or power ot 1/R i e M1
POWBTIS HOUDIOT:  onrimsn s o T St A1 [3]
Q15.
6

WWW.MEGr#LECTU E.COM
WWW. Yout ube. com neqgal ect ure  Page6of26
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6

o000

MEGA LECTURE

() ItHer P oc V2 OF P = VR oo et
reduction = (2302 — 22022302
E B8 U ettt e e e e e e e e et e eae e

DY, ) Zelo s e

(1) O.3(0) A e

(el (i) correctplots towithin £ 1MM ..o e

{if) reasonable linefcurve through points giving current as 0.12A
SlOW D DIEAY oo A R R e e e

() VESCTRY oo R R e

{d) circuit acts as a potential divider/current divides/current in AC not the same as
currentiNn B ...
resistance between A and C not equal to resistance between C and &./......
or curent in wire AC % R is not equal to current in wire BC x R

any 2 statements

Q16.

fa) (i} movementfflow of charged particles
{ii} work done per unit charge (transferreq)
{b} straight line through origin
resistance = V/1I , with values fait/ a=d I shown
=200
{using the gradient loses t:aiast nvark)
{c) (i) 0.5A
(i) either regis aoice of each resistor is 200 or total current = 0.8A
either Yambined resistance =10 Q or R=E/I = 10Q
fdy M 10V

(i) power=EI
=10x02=2.0wW

Q17.

WWW.MEGr#LECTU E.COM
nmegal ect ur e
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Al

B1

B1
C1

A1

B1
B1
B1

M1
AQ

Al
C1
Al
Al

C1
Al

121

M
M

M

M

121

121

M
M
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M
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(X Y

MEGA LECTURE

5§ (a) M) I=12/(6+12) C1
minimum current = 0.67 A Al [2]

(i} correct start and finish points M1
correct shape for curve with decreasing gradient Al [2]

{b) maximum current=2.0 A Al
minimum current =0 Al [2]

fe) (i)Y smooth curve starting at (0,0) with decreasing gradient M1
end section not horizontal Al [2]

(i) full range of current / p.d. possible
or currents / p.d. down to zero
or brightness ranging from off to full brightness B1 [1]

Q18.
5 ({a) (i) enerqy converted from chemical to electrical when charge flows through cell
or round complete circuit B1
(ii) (resistance of the cell) causing loss of voltage or energy loss in cell B1 [2]

(b) () Es-Ex=I(R+r+na)

12-3=I(3.3+0.1+0.2) C1
I=25A Al [2]
(iily Power =Ex][T
=12x25 C1
=30W Al [2]
fiiiy P=FxR or P=V?/R or P=VI
=(25°x3 =9%/36 =9x25 Cc1
=225Js" Al [2]
{c) power supplied from cell B is greater than energy lost per second in circuit B1 [1
Q109.
5 (a) (i) Startfrom (0,0} and smooth curve in correct direction B1
Curve correct for end section never horizantal B1 [2]
{iiy R =V/Ihence take co-ords of V and I from graph and calculate V/ I B1 [1]
(b) (i) eachlamp in parallel has a qreater p.d. / greater current M1
lamp hotter M1
resistance of lamps in parallel greater A1 [3]
(i) P=VEB/RorP=VIandV=1IR Cc1
R =144/ 50 = 2.88 for each lamp C1
total R=1.44 Q Al [3]
8

WWW.MEGr#LECTU E.COM
WWW. Yout ube. com neqgal ect ure  Pages8of26
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o000

MEGA LECTURE

Q20.
4 (a) (i) R=V2/P or P=IVand V=IR
= (22012 / 2500
= 19.4Q (allow 2 s.f)
(iliy R =pl/A

I =M19.4%20x1071/1.1%x10°
=3.53m (alfow 2 s.f)
(b} (iy P =625 620o0r630W
{ii} R needs to be reduced
Either length %4 of original length

or area 4x greater
or diameter 2x qreater

Q21.

5 (a) (i} sumofe.m.f’s=sum of p.d.’s around a loop/circuit
(i} enerqy
(b} (i) 20=Ix(4.0+25+05)

I=0286A (allow?2s.f)
(If total resistance is not 7 Q, 0/2 marks)

(i) R=1090/1.01x4(=3.6)
V=IR=0.286x3.6=1.03V
(If factor of 0.9 not used, then (X2 marks)
(i) E=1.03Vv
(iv) either no currentthrsuqinse) B
or p.d. acrossf i ziiro

Q22.

4 (a) total resistances=) 20 (kQ)
cumrent =d20°20 (mA) or potential divider formula
pd. =[12A20] x 12 =7.2V

{b) parallel resistance = 3 (kQ)
total resistance 8 + 3 =11 (kQQ)
current=127/11 x 10°=1.09 x 103 or 1.1 x 1072 A

{c) (i) LDR resistance decreases
total resistance (of circuit) is less hence current increases

(i} resistance across XY is less
less proportion of 12V across XY hence p.d. is less

Q23.

WWW.MEGr#LECTU E.COM
nmegal ect ur e
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C1

A1

C1

Al

Al

C1

Al

B1

B1

C1
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C1
A1

Al

B1

C1
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C1
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A1
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M1
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M

121

M
Ml

121

21
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M
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4 (a) electric field strength is the force per unit positive charge (acting on a stationary

MEGA LECTURE

charge)

(b) (i)

(ii)

(iii}

(iv)

)

Q24.

5 (a) (i)
(i)

(b} (i)

(iii)

(iv)

Q25.

WWW. yout ube. co

E=Vid
= 1200/ 14 x 10°°
=8.57 x 10*Vm™

W=QVorW=F x dand therefore W=Ex Qx d
=3.2x10"x 1200
=3.84 x 1078}

AU = mgh
=6.6x 102 x9.8x 14x 107
=9.06 x 1078

AK=384x 1075 - AU
=3.84 x 107'5)

K = emv
v=1[(2 x3.8 x107%) /6.6 x 107272
=3.4x10°ms™’

sum of currents into a junction = sum of currents out of junction

charge

ZE=ZIR
20-12=20(06 + R) (not used 3 resistors 0/2)
R=340Q

P=EI
=202
= 40W

P=PR
P= (27 % (0.1 + 0.5 + 3.4)
= 16W

efficiency = useful power { output power
24/40=06o0r12 = 2/20 x 2 or 60%

10

B1

C1
A1
C1
Al
C1

A1

Al
C1
Al

M

121

21

121

M

121

B1
B1

C1
A1

C1
A1
C1
A1

C1
A1

WWW.MEGr#LECTU E.COM
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M
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2]

12
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200
6 (a) (i) chemical to electrical B1 [11
{ii) electrical to themal / heat or heat and light B1 [1]
(b) () (Ps=)Elor (R +Ry) Al 1]
(i) (Px=) PR, Al 1]
{c) R = pl! Aorclear from the following equation B1
. 1/ nd? ;
ratio = PR,/ PR,= — "™ orR has 8x resistance of R c1
VU p@)/af2aP 2
= 8Bor8:1 Al [3]
(dy P=V2/RorF2I/R C1
(V or E the same) henceratio is 1/8 or 1:8 = 0.125 (alfow ecf from {(c)) Al [2]
Q26.
6 (a) charge = current x time B1 [1]
(b) () P=VIR C1
= (240)%/ 18 = 3200W A1 2]
(i) I=V/R=240/18=13.3A A1 1
{iiiy charge =It=13.3 x 2.6 x 10° C1
=347 x10°C Al [2]
{iv) number of electrons = 3.47 % 10" J¥.6 x 107"® (= 2.17 x 10%5) C1
number of electrons per second =2.17 x 10%/ 2.6 x 105=18.35 x 10" Al 2]
Q27.
6 (a) p.d.=work done\eherqy transformed (from electrical to other forms)
caghge B1 [
{b) (i) maxirium 20V A1 M1
{ii} minimum = (600 / 1000) x 20 C1
=12V A1 [2]
{c} (i) useof 1.2kQ M1
1/1200 + 1/600 = /R, R=400Q Al [2]
{ii) total parallel resistance (R; + LDR) is less than R, M1
{minimum) p.d. is reduced Al [2]
Q28.
11

WWW.MEGr#LECTU E.COM
WWW. Yout ube. com neqgal ect ure  Page11of26



what sapp: +92 323 509 4443, emuil:

6 (a) (i) arrow inupward direction, footnearP ..........cccoceiviiiinnnn... Bl
(ii)  curved path consistent with (i) between plates ....................... Bl
then straight (with no kink at change-over) ........co.oveovvvvvnvnnnnns Bl
(b) Y R - LU €l
= 400/ (0.8 x 107%)
=50x10'Vm' ... (allow 1 sig fig) ..ocoovvveerennnn.. Al
[0 X Y 2l > S SO Cl -
=50x10"x1.6x107"
=80x10°N ......... (allow 1 sig figande.c.f) ............ Al
(@) @ F/M o e Cl
= (8.0x107%) /(9.1 x 107"
=88.x10°ms™? ... (allow I sigfigande.cf) ............ Al
(d) because Fg is normal to horizontal motion ........................... Ml
noeffect. ... i e o g B Al
Q29.
7 (@ @ emf = energy!charge bR S e Cl
—(16x10)f(18x104) '
=89V ... & Al
() cument ™ AL AL o G R A Cl
= (1.80 x 10%) / (1.3 x 105)
=0l14A Al
(@) () energy < R (orformula) ....ocoeoooueeoeeoeeeeeeeeereenren. Cl
energy = (15/45)x L1 x 10" umnnnmmmamingis €l
e i T Al

MEGA LECTURE

(ii) energy dissipated in internal resistance (of battery) ................ Bl
OR in extra resistance in circuit

Q30.

12

WWW.MEGALECTURE.COM

WWW. yout ube. co

nmegal ect ur e@nui |

Kl

(2]

(4]

(2]

4]

4]
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5

MEGA LECTURE

fa) (i) arroW Trom Blowands iR .covn e isnm s i s s samae:

(i) E = Vi
SASOIO 0 30 DY e e e e

=50x 103N C" (accept 1 8ig. Q) oo cemeeeeeeeeeee e eeeeeee e

(b ) ENEIAY = GV OF B e e e e e e en e emee e meen

S 1B X 10 X80 e e e e

(il Ek=%m?
72 X 10T = X B X 103 XV e
V=126 % 100 M8 e e e

c) line from origin, curved in correct direction but not ‘level out’ .......

Q31.

7 (a (i) L SRS URUPRPRURUT. W NS

1200 = 240 X fooeooooooooooooe
F= 5.0 A o NS

(ii) V=iR

by (i) PdE= D040 S ) 200V v P s s S R S s
(i) mains voltage = (240 + 20 =} 260 V..o
(lii) P=(20x5.0=3100Wa. .. e

ic) power input = 1200 +A100= 1300 W ... s
efficiency = 120072000 0,92 ... e e e e e s

Q32.

13

WWW.MEGr#LECTU E.COM
nmegal ect ur e
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B1

..C1

A1
C1

A1
A0

C1
Al

B1

[31

41
!

[41

131

121
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o000

MEGA LECTURE

6 (a) (i) resistance is ratio V/7 (at a point)
either aradient increases or [l increases more rapidly than V
(If states R = reciprocal of gradient, then 0/2 marks here)
{ii} current = 2.00 mA
resistance = 2 000
{b) (i) straight line from origin
passing through (6.0 V, 4.0 mA} (allow %z square tolerance)
(i} individual currents are 0.75 mA and 1/33 mA
current in battery = 2.1 mA
(allow arqument in terms of P = PR or IV)
(e) same currentin R and in C
p.d. across C is larger than that across R
s0 since power = VI, greater in C

(alfow arqument in terms of P = FR or IV)

Q33.
6 {a) force must be upwards (on positive charge)
so plate Y is positive
(b) (i) E=V/d
= 630/(0.75 x 102
=84x 10*NC!
(il gE=mg
a=(96x10"°%9.8)/ (8.4 x 10%
= 1.12x10"®¢C
Q34.
7 (a) either V=ER1/(R1+R2 or I=E/(Ri+R)
_ 1800 _ 1800
-mx4.50 V= 3000X4'50
= 270V =270V

(b} (i) for a wire, V=1x(pl/A)
I, p and A are constant
soVocl

14

WWW.MEGr#LECTU E.COM
nmegal ect ur e
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B1

B1

c1
A1
M1
A1
C1

A1

M1
M1

A1

M1
A1

C1

A1

C1
C1
Al

C1
M1

A0
M1

A1
A0

21

21

2]

2]

3

21

21

[31

21

21
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o000

MEGA LECTURE

(ii) 1270V A1
o L _270 c1
100 4.50
L=60.0cm A1l
(iiiy thermistor resistance decreases as temperature rises M1
so QM is shorter A1l
Q35.

7 (a) both measure (energy / work) / charge B1
for e.m.f., transfer of chemical enerqy to electrical energy B1
for p.d., transfer of electrical energy to thermal enerqy / other forms B1

by (i} I +hL=5L B1
(il 1. Ex=hR:+ LRs B1
2. E1 'E2=I1R1 'IQRZ B1
Q36.
6 (a) power= VI C1
current =10.5 x 103/ 230 M1
=457 A AD
{b) (i) p.d. across cable=5.0V Cc1
R =5.0/46 C1
=0.110Q Al
fiiy R=/A C1
0.11=(18x10° <164 /A C1
A=53x10°%m? Al
(wires in paralfel, nct series, alfow max 1/3 marks)

fc) (i) either power.=%%/R or power o V? C1

ratio = (216,/730Y = 0.83 A1

{ii} resistance'of cable is greater M1

qreater power loss/fire hazard/insulation may melt
wire may melt/cable gets hot A1
Q37.

4 (a) (i) eitherforce=ex(V/id) or E= Vi C1
=1.6x10"x(250/7.6 x 107%) C1
=53x 10N Al

(il) either AEx =eV or AEx =Fd C1
=1.6x 107" x 250 =53x10"% x 7.6 x 1072 M1
=40x10"7J AQ

{allow full credit for correct working via calculation of a and v}

15
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what sapp:

Q38.

7

(b)

(a)

(b) (i)

Q39.

6

(i)

(a)

(b)

WWW. yout ube. co
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(iii) either AEx =%m/
40x107"7 =% x9.1x 1073 x V2
v=94x10ms™’

or v =2as and a =F/m
V¥ =(2x53x107%x 7.6 x 107%/(9.11 x 107%") (C1)
v=94x105ms™’ (A1)

speed depends on (electric) potential difference

(If states AEx does not depend on uniformity of field, then
award 1 mark, treated as an M mark)

so speed always the same

either V=1P
current in circuit=E/ (P + Q)
hence V=EP/(P+ Q)

or current is the same throughout the circuit {M1)
VIP=E/(P+Q) (A1)
hence V=EP/{ (P + Q) {AQ)

(as temperature rises), resistance of (thermistor) decreases
either resistance of parallel combination decreases

or p.d. across 5 k0 resistor / thermistor decreases

p.d. across 2000 Q resistor / voltmeter reading increases

if R is the resistance of the parallel combination,
either 3.6 =(2x6)/(2+ R} or currentin 2 kQ resistor = 1.8 mA

R=133kQ current in 5 kQ resistor = 0.48 mA
1 1 1

— = — + — current in thermistor = 1.32 mA

133 5 T

T=182kQ T=24/132=1.82kQ

enerqgy transferred from source / changed from some form to electrical
per unit charge (to drive charge round a complete circuit) .

gritl  POWErIN R =03 X mor s e R
ESTTNTERY s sooas s s e s de e A S e S e N S e

power in cell = Ef and algebra clear leading to ratio = X/ (X +r)

16
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o] T T OO A1
0400 ... (alloW-2Q05 Q). v Al 2]
(i} currentincircuit = V1.4/0.4 = 187 A 1
1.5 TBTUFF BIOY  cssncesansosmsnmosmscserers sy 5 s beas FE oo S S E e PSS SRS S C1
L T O O Al [3]

(d) either less power lost/energy wasted / lost

or areater efficiency (of energy transfer) ... B1 [1]
[Total: 111
Q40.
B (a] total resistance In series = 2K
total resistance in parallel = VaR e e i
ratiocis 2R/ %R = 4 ......(allow mark if clear numbersin the ratio} ... A0 [1]
(b} at1.5V, currentis 0.10 A C1
15
resistance = VII= ——
0.1
i [ T 9 T — Al [2]
(use of tangent or any other current scores no marks)
(c)
p.d. across resistance of ’ combined
each lamp / V eachlamp / Q | registance / Q
series 1.5 15 | 30
parallel 3.0 20 ‘ 10
[o ][0 4470 e D o Al
columns 2 and 3: max 3 markswith)-1 mark for each error or omission .................. A3 [4]
{d) (i) ratiois3 ..........0 RETTONTBEEIIEY oo i s e 8 G AR S e Al M
(i} resistance incruases as potential difference increases ... B1
increasing.d. INCreases CUIMENE ... e e ee e eseeenneesnennnnennees B 1
current netzases non-linearly so resistance iNCreases .......ccccccveeieccciccecececieenns B1 [3]
[Total: 111
Q41.
17
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6 (a) i)

(b} (i)
(i)
(iii)

Q42.

6 (a) (i)

(b (M

+92 323 509 4443,

emai | :
(Y )

MEGA LECTURE

either P=V?2/R or
R=400Q

P=VI and V=IR

sketch vertical axis labelled appropriately
(straight) line from origin then curved in correct direction
line passes through 12V, 3.0 A

2.0 kW

0.5 kW

total resistance = 3R/ 2
power = 0.67 kW

at 22.5 °C, Rr = 1600Q or 1.6kQ
total resistance = 800Q

either use of potential divider formula or current =9/ 2000 (4.5 mA)
V=(08/20)%x9 V = (9/2000) x 800
=3.6V =3.6V

total resistance = 4/5 x 1200
=960Q

for parallel combination, 1/960 = 1/1600 + 1/Ry
Rr=240001/2.4kQ)
temperature =11°C

{c) e.q. only small part of scale used / small sensitivity
non-linear
(any two sensibfe suqgestions, 1 each, max 2)

Q43.

WWW. yout ube. co
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7 (a) (i) path: reasonable curve upwards between plates B1
straight and at a tangent to the curve beyond the plates B1 [2]
iy 1.(F=)Eqg B1 1]
2.(t=)L/v B1 [1]

{b) (i) total momentum of a system remains constant or total momentum of a
system before a collision equals total momentum after collision M1
provided no external force acts on the system Al [2
{do not accept ‘conserved’ but otherwise correct statement gets 1/2)

{iiy (Ap=)EqL/v allow ecf from (allii) B1 [1]
(iii) either charged particle is not an isolated system M1
s0 law does not apply Al [2]
or system is particle and ‘plates’ (M1)
equal and opposite Ap on plates / so law applies (A1)
Q44.
8 (a) (i} either P=V?/R or I=1200/230 or 5.22 C1
R =(230 =230}/ 1206
R = 230711200 or R=230/522 M1
=44.10 =44.10 A0 [2]
{iiy R=pL/A C1
= (1.7 x 1078 x 9.2 x 2)/ (1 x {0.45.x %07"%) M1
=0.4920 AQ 2]
{(b) current = 230/44.6 C1
power = (230 /44.6) x 44.1 C1
=1170W A1 [3]
{aflow fulf credit for sofudion based on potential divider)
{c) e.q. less powerdissinated in the heater / smaller p.d. across heater /
more powar\oss in cable / current lower B1
cablehecenes heated / melts B1 [2]
(anmptwo sensible suqqgestions, 1 each, max 2)
Q45.

19
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5 (a) ohm=volt/ampere B1 [N
(b} p=RA/lorunitis Qm C1
units: VA" ' mm™  =NmCT'A ' m?m™ C1
=kam?s A" s A" m?m™
= kgm®s3A~ A1 [3]
{c) (i) o =[34%13x1071/0.9 C1
=4.9x 107 (Qm) Al [2]
(i) max=2.(0)V A1
min = 2 x (3.4 /1503.4) = 4.5 x 1073V Al [2]
(il P =V?/RorP=VIiand V=1IR C1
=(2Y/34
=1.18 (allow 1.2) W Al [2]
{d) (i) powerinQis zerowhen R=0 B1 M
{iiy powerin Q =0/ tends to zero as R = infinity B1 [11
Q46.
4 (a) electric field strength = force / positive charge B1 [1]
(b} (i) atleast three equally spaced parallel vertical lines B1
direction down B1 [2]
(iiy E=1500/20 %107 =75000Vm™ Al 1]
{iiy F=qE C1
(W=mgand) gE=mg C1
g=mqg/E=5x10""" x 9.81 /75000
=8.5x% 107°C Al
neqative charge Al [4]
{ivl F > mgqgor F now qreater B1
drop will move upwards B1 [2]
Q47.
S @i Li+L=1 Al M
(iiy Ey=DLRy+ iR+ iR+ Iy Al ]
2 2
iy £ -5 B1
=L+ L (Ri+n+Rx/2) B1 21
(b} p.d. acrass BJ of wire changes / resistance of BJ changes B1
there is a difference in p.d across wire and p.d. across cell £, B1 [2]
20
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Q48.
4 (a) p.d. = energy transformed from electrical to other forms
unit charge B1
e.m.f. = enerqy transformed from other forms to electrical
unit charge B1 [2]
{b) (i} sum of e.m.f.s (in a closed circuit) = sum of potential differences B1 [11
(i) 44-21=Ix(1.8+55+23) M1
I=024A Al [2]
{iiiy arrow (labelled) I shown anticlockwise Al M
fivi 1. V=IxR=024x%x55=13(2)V Al 1]
2. Va=44-(Ix23)=38(5)V Al 1]
3. eitherVg=21+{Ix18)orVg=38-13 C1
=2.5(3)V Al [2]
Q49.
2 (a) resistance = potential difference / current B1 [1]
{b) (i) metal wire in series with power supplyanu~ammeter B1
voltmeter in parallel with metal wire B1
rheostat in series with power supoly or potential divider arrangement
or variable power supply B1 [3]
(i 1. intercept on graph B1 [1]
2. scatter of readi(ig¢ about the best fit line B1 [1]
(iii} correction for zero wrror explained B1
use of V andzorrected I values from graph C1
resistande % Vi1 =22.(2)Q [e.q. 4.0/ 0.18] A1 [3]
{c) R=621064 =10.625 C1
%R =%V + %I
=(0.1/6.8) » 100 + (0.01/0.64) x 100 C1
=1.47% + 1.56%
AR = 0.0303 x 10.625 =0.32Q
R =106x203Q Al [3]
Q50.

21
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5 f(a) (i) I,=L+1 B1 M1
(il I=VIR orl,=12/10 (=1.2A) C1
R=11/6 + 1/10 " [total R=3.75Q] orI;=12/6 (=2.0A) C1
I,=12/3.75=3.2A orl;=12+20=32A A1 [3]
(i) power=VIor PRor VV/R
C1
. . 2 2
Y pf}wer !n mre. _LR, or&orv IR, c1
power in series resistors IJR, W V2/R,
x=12x1.2/12 x 2.0 =0.6(0) allow 3 /5 or 3:5 Al [3]
(b) pd.BC:12-12x0.4=7.2(V)/p.d. AC =4.8(V) C1
p.d.BD:12-12x4/6 = 4.0 (V)/ p.d. AD =8.0(V) C1
p.d. =3.2V A1 [3]
Q51.
4 (a) e.m.f. = chemical energy to electrical enerqy M1
p.d. = electrical energy to thermal energy M1
idea of per unit charge Al [3]
(b E=I(R+n) orI=E/(R+r) (any subject) B1 [1
{c) (iy E=58V B1 [N
{ii} evidence of gradient calculation or calculation with values from graph
eq.58=4+10xr C1
r=1.80Q Al [2]
dy (iy P=VI C1
P=29x1.6=4.6(4.64)W Al 2]
{iiy power from battery = 1.6 x 5.8 = 9.28 or efficiency = VI/ EI C1
efficiency = (4.64 / 9.28) x 100 =50 % or (2.9 / 5.8) x 100 = 50% Al [2]
Q52.
6 (a) p.d. = work (done)/ charge OR enerqy transferred from (electrical to other forms)
/ (unit) charge B1 [1]
(b) Iy R=4pl/A C1
o=18x 107 C1
R=(18x107x75)/25x%x 10°=0.54Q A1 [3]
(i V=IR C1
R=38+ (2 x0.54) C1
I=240739.08=6.1(6.14)A A1 [3]

22
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(iiiy P=I’RorP=VIandV=IR or P=V/Rand V=IR
= (6.14) x 2 x 0.54
=41 (40.YW

{c) area of wire is less (1/9) hence resistance greater (x5)
OR Ris = 1/A therefore R is greater
p.d. across wires greater so power loss in cables increases

Q53.

6 (a) e.m.f. = total energy available (per unit charge)
some (of the available enerqy) is used/lost/wasted/qiven out in the internal
resistance of the battery (hence p.d. available less than e.m.f.}

(b) (i} V=IR
I=69/50=14(1.38)A

{iiy r=lostvolts / current
=(9-6.9)/1.38=15(2)Q

{c) (i P = EI(not P = VIif only this line given or 9 V not used in second line)
=9x1.38=12(124)W

{if} efficiency = output power / total power
=VI/EI=6.9/90r(9.52}/(12.4) =0.767./76.7%

Q54.

7 (a) (1) sixvertical lines from plate to plate equally spaced across plates
[only allow if greatest to least spacing is < 1.3, condone slight curving on the
two edges. There must be naAarpa between the plates where an additional
line{s) could be added.]
arrow downwards on a2t loast pne line

iy E=V/d
=1200/40 x 183 = 3.0 x 10* vm™ (allow 1 s.f.)

by iy F=Eg
=TV x1.6x10"=48x10""N

(il} coudle = F x separation of charges
=48x10"¥x15x10% =72 x 107"
unit: N m or unit consistent with unit used for the separation

(iii} A attop/next to +ve plate B at bottom/next to —ve plate vertically aligned
[could be shown on the diagram]
forces are equal and opposite in same line / no resultant force and no
resultant torque

23
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